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DESCRIPTION 



GENE SEQUENCE OF L-RHAMNOSE ISOMERASE HAVING NEW CATALYTIC 




Technical Field 

The present invention reveals that a gene sequence 
encoding L-rhamnose isomerase produced by Pseudomonas 
stutzeri and further a new catalytic function catalyzing an 
isomerization reaction of a sugar, which had not been found 
so far, and relates to a the novel gene sequence, the novel 
catalytic function and application of the novel catalytic 
function to the production of a rare sugar and the search for 
its physiological activity. 

In the present invention, correlation diagrams of 
Izumoring to be utilized are the linkage in Izumoring C6 (Fig. 
5, Japanese Trademark Application No . 2003-1630), the linkage 
in Izumoring C5 (Fig. 6, Japanese Trademark Application No. 
2003-1631), the linkage in Izumoring C4, and the overall 
diagram of Izumoring shown in Fig. 1 in which C4, C5 and C6 
are all linked together, which had not been published before 
filing an application. 

In addition, L-rhamnose isomerase was isolated from a 
variety of microorganisms and the gene sequence encoding it 
has been also reported. In the present invention, when the 
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gene sequence encoding L-rhamnose isomerase from a bacterium 
(Pseudomonas stutzeri) isolated from the soil was determined, 
it was found that the gene sequence does not have homology with 
the gene sequences which had been reported so far, and it is 
a novel gene on a gene basis as well as a protein basis. 

By utilizing this sequence, an enzyme is produced in a 
large amount by using genetic engineering and the production 
of a rare sugar can be carried out using the produced enzyme, 
or this sequence can be applied to the use using a variety of 
genetic engineering techniques other than this. 

Still further, the present invention reveals that 
L-rhamnose isomerase produced by Pseudomonas stutzeri has a 
new catalytic function catalyzing an isomerization reaction 
of a sugar, which had not been found so far. 

L-rhamnose isomerase is a useful enzyme in the production 
of a rare sugar, D-allose, from D-psicose. In the present 
invention, a pure enzyme was produced and investigated using 
a genetic engineering technique, and as a result, a new ability 
of catalyzing an isomerization reaction, which had not been 
identified so far, was found, which can be applied to the 
production of a variety of rare sugars. 

Background Art 

With regard to a conventional effective utilization of 
unused resources, particularly biomass (e.g., wood waste 
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material and the like), a major goal was to hydrolyze it into 
glucose and to convert the glucose into an alcohol. However, 
even if it was converted into an alcohol, since its added value 
is low, it was unreasonable to put it into practical use. In 
addition, by using a polysaccharide (which exists unlimitedly 
in unused resources) as a raw material, when it is incompletely 
degraded, an oligosaccharide can be produced. Its application 
is also being developed as a value-added product having a 
functionality . 

The present inventors started focusing on the 
physiological activity of rare sugars and confirming it by 
experiments using cells. 21 century is also called a century 
of life science, and at present, a DNA study and a protein study 
are being advanced internationally. Speaking of sugar in 
post-genomic study, the study is centered on sugar chains, 
however, in Kagawa Medical University (at present, the Faculty 
of Medicine in Kagawa University) and the Faculty of 
Agriculture in Kagawa University to which the present inventors 
belong, monosaccharides are focused on and their application 
study such as whether or not the monosaccharides have a 
physiological activity has been advanced. The background 
includes the fact that in the Faculty of Agriculture in Kagawa 
University, a long series of exhaustive studies on the 
production of rare sugars has been continued for a long time, 
and recently, a technique of the mass production of part of 
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rare sugars was established. In also Kagawa Medical 
University (at present, the Faculty of Medicine in Kagawa 
University) , a study of searching for a physiological activity 
in sugars was started several years ago. A study of searching 
for a physiological activity by using rare sugars 
(monosaccharides) produced in the Faculty of Agriculture in 
Kagawa University was started from 1999 as a regional leading 
study in a manner that both studies were put together, and it 
was found that they have various physiological activities. 

Monosaccharides are classified broadly into aldoses 
(sugars having an aldehyde group as a carbonyl group) , ketoses 
(sugars having a ketone group as a carbonyl group) and sugar 
alcohols (another name: polyols, sugars without a carbonyl 
group) based on the state of a reducing group (carbonyl group) . 
There is a monosaccharide called "rare sugar". A rare sugar 
is defined as a sugar that rarely exists in nature according 
to the definition of International Society of Rare Sugars. 
There are many types of rare sugars whose yield is small by 
an organic chemical synthetic method depending on the type. 
Accordingly, the present situation is that there are also many 
types of rare sugars whose property is not known, and that there 
are many unknown properties for aldohexose (aldose) rare sugars 
including allose. 

In application studies of sugars, conventionally, with 
regard to the correlation between a sugar and cancer, for 
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example, as described in Patent Document 1, a polysaccharide 
that is effective in prevention of cancer is known. In addition, 
there are reports that an oligosaccharide has an effect on 
counteracting constipation by utilizing the fact that it has 
an action of regulating the intestines thereby to cause less 
colon cancer, and recently that a polysaccharide such as 
agaricus has an effect on suppressing cancer, and also a report 
on the correlation between a sugar chain and cancer metastasis . 
Further, in Patent Document 2, an anti-tumor agent containing 
a derivative of D-allose as the active ingredient is disclosed. 
On the other hand, as for utilizing a property of a saccharide 
against active oxygen, for example, as described in Patent 
Document 3, an inhibitor of active oxygen production containing 
a polysaccharide having a property of inhibiting active oxygen 
is known. 

Among monosaccharides, psicose is a hexose having a 
ketone group as a reducing group. It is known that psicose 
exists as optical isomers in D-form and L-f orm. Here, although 
D-psicose is a known substance, it rarely exists in nature, 
therefore, it is defined as a "rare sugar" according to the 
definition of International Society of Rare Sugars. However, 
it became relatively easy to obtain this D-psicose recently, 
though it is expensive, because of the emergence of epimerase 
(e.g., see Patent Document 4). According to this official 
gazette, it is suggested that the prepared D-psicose can be 
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effectively utilized as a sweetener, a carbon source for 
fermentation, a reagent, a raw material or an intermediate for 
a cosmetic or a medical product or the like. According to this 
official gazette, as the sweetener, it only describes a 
direction of application that it can be utilized in improving 
the taste for sweetening an oral intake item such as food and 
drink, feed, toothpaste or a medicine for internal use. With 
regard to L-psicose that is an optical isomer of D-psicose, 
the fact that it can be utilized as an edible composition is 
disclosed in, for example, Patent Document 5 in detail. 

On the other hand, an example of application of psicose 
as an intermediate material for a reagent, a medical product 
or the like is shown below. For example, according to 
Non-Patent Document 1, an example of synthesis of a hydantoin 
derivative using D-psicose as a raw material is reported. In 
addition, according to Non-Patent Document 2, an example of 
synthesis of D- f ructof ranosyl nucleoside is disclosed. In 
any prior art, it is only reported that D-psicose can be 
utilized as a raw material or an intermediate for a medical 
product or the like. 

In addition, in Patent Document 6, it is only described 
that a kojic acid glycoside having a hexose in its structure 
is excellent in an action of inhibiting melanogenesis , high 
in stability, high in solubility in water and suitable as the 
active ingredient of a whitening preparation for external use. 
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In addition, in Patent Document 7 , it is described that psicose 
promotes recovery of the skin barrier function and is useful 
in preventing such as abnormality of the epidermal growth due 
to a decrease in the epidermal function of the skin, and the 
usefulness as a humectant is only described. In addition, a 
healthy diet for prevention of a disease accompanied by high 
blood glucose and prevention of obesity containing several 
saccharides including D-tagatose as an active ingredient is 
disclosed in Patent Document 8, however, the function of the 
rare sugar itself is not described. In addition, in Patent 
Document 9, the application, as an antihyperlipidemic agent, 
of a polysaccharides complex containing, as the major 
constituent sugars, arabinose, ribose and glucose including 
D-sorbose which is one of ketohexoses is only published. 

However, in order to advance the study of application 
of a rare sugar by focusing on a "monosaccharide", and moreover, 
in the case where a new application has been completed, it is 
necessary to establish a technique of mass production of a rare 
sugar . 

On the other hand, L-rhamnose isomerase produced by 
Pseudomonas stutzerii LL172 is a known enzyme having the 
following physicochemical properties published in Non-Patent 
Document 3 . 

(i) Action 

It is an enzyme catalyzing an isomerization reaction from 
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L-rhamnose to L-rhamnulose and isomerization from 
L-rhamnulose to L-rhamnose. It is known that it also acts on 
isomerization between D-allose and D-psicose (Non-Patent 
Document 3) , and it is an enzyme that can produce D-allose from 
D-psicose. Isomerases are named based on a substrate 
exhibiting the highest activity, therefore, an enzyme named 
the same L-rhamnose isomerase were isolated from E. coli and 
Bacillus subtilis, and the gene sequence encoding it has been 
reported . 

(ro) Substrate specificity 

L-rhamnose and L-rhamnulose are used as a substrate. 
Other than these, L-lyxose and L-xylulose, L-mannose and 
L-fructose, D-ribose and D-ribulose, D-allose and D-psicose 
are used as a substrate. 

(ha) Active pH and optimal pH 

The active pH ranges from 7.0 to 10.0 and the optimal 
pH is 9.0. 

(ni) pH stability 

It is stable within the pH range of 6.0 to 11.0 in the 

case where it is kept at 4°C for 1 hour at various pH values, 
(ho) Active temperature and optimal temperature 
The active temperature ranges from 40 to 65°C and the 

optimal temperature is 60°C. 

(he) Temperature stability 

It is stable at 40°C for 10 minutes and remains at 90% 
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or more even at 50°C for 10 minutes. 

(to) Effect of a chelating agent 

Its activity is hardly inhibited even if it coexists with 
EDTA or EGTA, which is a chelating agent, during the measurement 
of its activity. 

(chi) Effect of a metal ion 

About 30% of the activity is inhibited by 1 mM cobalt 

ion . 

(ri) Molecular weight by the SDS-PAGE method 
It is about 43,000. 



Patent Document 1: JP-A-5-112455 
Patent Document 2: JP-B-59-40400 
Patent Document 3: JP-A-07-285871 
Patent Document 4: JP-A-6-12577 6 
Patent Document 5: JP-A-57-129671 
Patent Document 6: JP-A-4-198115 
Patent Document 7: JP-A-2000-103728 
Patent Document 8: JP-A-6-65080 
Patent Document 9: JP-A-2-286620 

Non-Patent Document 1 : Tetrahedron Vol . 47, No. 12/13, pp. 2133 
(1991) 

Non-Patent Document 2: Acta. Chem. Scand. Ser. B. Vol. 38 , No. 
5, pp. 367 (1984) 

Non-Patent Document 3: "Journal of Fermentation and 
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Bioengineering", Vol. 85, pp. 539 to 541 (1998) 

Disclosure of the invention 

With regard to a process for producing each rare sugar, 
a plan diagram in which each rare sugar can be produced by 
Izumoring strategy for producing rare sugars (correlation 
diagram in which all the monosaccharides having different 
number of carbon atoms are linked together based on their 
production processes and molecular structures (D-form and 
L-form) shown in Fig. 1) has been completed by the present 
inventors. An isomerase catalyzing the reaction between an 
aldose and a ketose in the strategy is important for producing 
a rare aldose and a rare ketose. In general, an aldose 
isomerase has a relatively broad substrate specificity. More 
specifically, for example, D-xylose isomerase catalyzed 
isomerization between D-xylose and D-xylulose, however, it 
also catalyzes isomerization between D-glucose and D-f ructose 
as well as this reaction. Though it has a broad substrate 
specificity, aldoses to be a substrate are generally 3 to 4 
types. D-arabinose isomerase acts on the ones having a 
relatively similar structure as it acts on D-arabinose, 
L-galactose, L-fucose and the like. 

Accordingly, in the production of various rare aldoses 
and rare ketoses in Izumoring of Fig. 1, it becomes an important 
object for investigation to produce a target rare sugar by 
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performing investigation in view of its structure. 

An object of the present invention is to apply Izumoring 
in Fig. 1 (overall diagram of Izumoring) to production of a 
rare sugar. 

The present invention is the same as conventional methods 
up to the point where a polysaccharide (which exists 
unlimitedly in unused resources) is used as a raw material and 
it is converted into a monosaccharide such as glucose. An 
object of the present invention is to design the optimum 
production pathway to a rare sugar which has a high added value 
instead of alcohol fermentation by yeast after the conversion 
into a monosaccharide, and to establish a technique of mass 
production of a rare sugar. 

An object of the present invention is to provide a gene 
sequence encoding L-rhamnose isomerase produced by 
Pseudomonas stutzeri, to find a new catalytic function 
catalyzing an isomerization reaction of a sugar, which had not 
been found so far, by a variety of genetic engineering 
techniques and to apply the novel catalytic function to the 
production of a rare sugar and the search for its physiological 
activity. 

An object of the present invention is to provide a novel 
and useful L-rhamnose isomerase gene sequence, and to enable 
to apply the gene sequence to the production of a rare sugar 
by utilizing genetic engineering and also the found novel 
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catalytic function, to a variety of genetic engineering 
techniques, or to the use using the novel catalytic function. 

An object of the present invention is to apply a gene 
sequence encoding L-rhamnose isomerase produced by 
Pseudomonas stutzeri and also the found novel catalytic 
function to the production of a rare sugar by using the overall 
diagram of Izumoring, and further to contribute to the search 
for a physiological activity of a rare sugar. 

Further, an object of the present invention is to 
establish a reaction system for producing many types of rare 
sugars by obtaining an isomerase which acts on many types of 
rare aldoses in the rare sugar strategy of Izumoring (Fig. 1) 
and is most efficient for producing many types of rare ketoses . 

The present invention reveals a gene sequence encoding 
L-rhamnose isomerase produced by Pseudomonas stutzerii . 
L-rhamnose isomerase was isolated from a variety of 
microorganisms and the sequence of a gene encoding it has been 
also reported. However, there is no report that L-rhamnose 
isomerase derived from any of these produces D-allose by 
reacting with D-psicose. 

In the present invention, when the sequence of a gene 
encoding L-rhamnose isomerase from a bacterium (Pseudomonas 
stutzerii LL172) isolated from the soil was determined, it was 
found that the gene sequence does not have homology with the 
gene sequences which had been reported so far, and it is a novel 
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gene on a gene basis as well as a protein basis. By utilizing 
this sequence, an enzyme is produced in a large amount by using 
genetic engineering and the production of a rare sugar can be 
carried out using the produced enzyme, or this sequence can 
be applied to the use using a variety of genetic engineering 
techniques other than this. 

It is resolved by providing a DNA -encoding L-rhamnose 
isomerase derived from Pseudomonas stutzerii catalyzing an 
isomerization reaction from L-rhamnose to L-rhamnulose and an 
isomerization reaction from L-rhamnulose to L-rhamnose, and 
a process for producing a polypeptide by a recombinant DNA 
technique using the DNA. 

Further, the present inventors proceeded with the study 
and found that L-rhamnose isomerase produced by Pseudomonas 
stutzeri has a new catalytic function of catalyzing an 
isomerization reaction of sugar, which had not been found so 
far. In the present invention, a variety of rare sugars are 
produced by utilizing the catalytic ability that was newly 
discovered and is possessed by L-rhamnose isomerase, which is 
an enzyme catalyzing an isomerization reaction in the Izumoring 
(Fig. 1) . 

While conventionally, an individual isomerization 
reaction was carried out by using a different individual 
isomerase, by utilizing the extremely broad substrate 
specificity of L-rhamnose isomerase, it is intended to produce 
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many types of rare sugars with the use of one enzyme. 

More specif ically, in the present invention, by allowing 
L-rhamnose isomerase to catalyze many isomerization reactions, 
it became possible to efficiently carry out the production of 
a variety of rare sugars by effectively applying one enzyme 
to the production of rare sugars, which had been impossible 
so far. 

That is, a gist of the present invention is any of the 
following DNA. 

(1) A DNA encoding the following protein (a) or (b) : 

(a) a protein comprising the amino acid sequence 
represented by SEQ ID NO: 2; 

(b) a protein comprising an amino acid sequence in which 
one or several amino acids have been deleted, replaced, or added 
in the amino acid sequence represented by SEQ ID NO : 2 and having 
an L-rhamnose isomerase activity. 

(2) A DNA comprising the nucleotide sequence represented 
by SEQ ID NO: 1 or a complementary sequence thereof or a sequence 
containing a part or the whole of any of these sequences. 

(3) A DNA hybridizing to the DNA described in the 
above-mentioned (2) under stringent conditions and encoding 
a protein having an L-rhamnose isomerase activity. 

(4) The DNA described in the above-mentioned (1), (2) 
or (3) , which is L-rhamnose isomerase derived from Pseudomonas 
stutzerii . 
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(5) The DNA described in the above-mentioned (4), in 
which the above-mentioned L-rhamnose isomerase is an enzyme 
having the following physicochemical properties: 

(i) Action 

It catalyzes an isomerization reaction represented by 
any^ of the bold black lines in Fig. 7, Fig. 8 and Fig. 9. 
(ro) Active pH and optimal pH 

The active pH ranges from 7.0 to 10.0 and the optimal 
pH is 9.0. 

(ha) pH stability 

It is stable within the pH range of 6.0 to 11.0 in the 
case where it is kept at 4°C for 1 hour at various pH values. 

(ni) Active temperature and optimal temperature 

The active temperature ranges from 4 0 to 65°C and the 
optimal temperature is 60°C. 

(ho) Temperature stability 

It is stable at 40°C for 10 minutes and remains at 90% 
or more even at 50°C for 10 minutes. 

(he) Effect of a chelating agent 

Its activity is hardly inhibited even if it coexists with 
EDTA or EGTA, which is a chelating agent, during the measurement 
of its activity. 

(to) Effect of a metal ion 

About 30% of the activity is inhibited by 1 mM cobalt 

ion . 
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(chi) Molecular weight by the SDS-PAGE method 
It is about 43, 000 . 

In addition, a gist of the present invention is any of 
the following proteins. 

(6) A protein comprising the amino acid sequence 
represented by SEQ ID NO: 2. 

(7) A protein comprising an amino acid sequence in which 
one or several amino acids have been deleted, replaced, or added 
in the amino acid sequence represented by SEQ ID NO: 2 and having 
an L-rhamnose isomerase activity. 

(8) The protein described in the above-mentioned (6) or 
(7), wherein the L-rhamnose isomerase activity is specified 
by the following physicochemical properties: 

(i) Action 

It catalyzes an isomerization reaction represented by 
any of the bold black lines in Fig. 7, Fig. 8 and Fig. 9. 
(ro) Active pH and optimal pH 

The active pH ranges from 7.0 to 10.0 and the optimal 
pH is 9.0. 

(ha) pH stability 

It is stable within the pH range of 6.0 to 11.0 in the 
case where it is kept at 4°C for 1 hour at various pH values. 

(ni) Active temperature and optimal temperature 
The active temperature ranges from 40 to 65°C and the 
optimal temperature is 60°C. 
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(ho) Temperature stability 

It is stable at 40°C for 10 minutes and remains at 90% 
or more even at 50°C for 10 minutes. 

(he) Effect of a chelating agent 

Its activity is hardly inhibited even if it coexists with 
EDTA or EGTA, which is a chelating agent, during the measurement 
of its activity. 

(to) Effect of a metal ion 

About 30% of the activity is inhibited by 1 mM cobalt 

ion . 

(chi) Molecular weight by the SDS-PAGE method 
It is about 43, 000 . 

(9) A fusion protein in which a protein described in the 
above-mentioned (6), (7) or (8) has been bound to a protein 
translation initiation codon. 

In addition, a gist of the present invention is a 
recombinant vector described in the following (10). 

(10) A recombinant vector containing a DNA described in 
any of the above-mentioned (1) to (5) . 

In addition, a gist of the present invention is a host 
cell described in the following (11) . 

(11) A host cell containing an expression system that 
can express a protein described in the above-mentioned (6), 
(7) or (8) . 

In addition, a gist of the present invention is a process 
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for producing a recombinant protein described in the following 
(12) . 

(12) A process for producing a recombinant protein 
characterized by culturing a host cell described in the 
above-mentioned (11) in a medium and collecting a recombinant 
protein having an L-rhamnose isomerase activity from the thus 
obtained culture. 

Still further, a gist of the present invention is a method 
of applying Izumoring correlation diagram to production of a 
rare sugar described in the following (13) . 

(13) A method of applying a correlation diagram in which 
all the monosaccharides having different number of carbon atoms 
are linked together based on their production processes and 
molecular structures (D-form and L-form) shown in Fig. 1 to 
production of a rare sugar characterized in that the location 
of a target rare sugar in the overall picture of monosaccharides 
is understood and thus its optimum production pathway on which 
a protein described in the above-mentioned (6), (7), (8) or 
(9) is allowed to act is designed. 

(14) The method described in the above-mentioned (13), 
in which the production of a rare sugar is mass production of 
a rare sugar. 

(15*) The method described in the above-mentioned (13) 
or (14) , in which the production of a rare sugar is production 
of a rare sugar from an unused resource. 
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(16) The method described in the above-mentioned (13), 
(14) or (15), in which the target rare sugar is a rare sugar 
whose physiological activity has been identified. 

Advantage of the Invention 

It becomes possible to produce L-rhamnose isomerase in 
a large amount by a genetic engineering technique, and a mass 
production method of a variety of rare sugars including 
D-allose using this enzyme can be established. 

In the present invention, a raw material that can be 
obtained in a large amount at the lowest price is D-glucose 
(glucose) . This D-glucose is a sugar existing in a large amount 
in almost all the unused plants . By effectively utilizing this 
sugar, a tool designing the optimum production pathway for a 
target rare sugar can be provided. 

In addition, the present invention can provide an 
effective tool not only to a field for producing a rare sugar, 
but also to a study for searching for a physiological activity 
that a rare sugar possesses. 

Brief Description of the Drawings 

Fig. 1 is a correlation diagram of Izumoring. 

Fig. 2 is a figure showing the nucleotide sequence of 
a gene (DNA) encoding a protein having an L-rhamnose isomerase 
activity derived from Pseudomonas stutzerii LL172 of the 
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present invention and the amino acid sequence. 

Fig. 3 is a figure illustrating the comparison of the 
amino acid sequences of L-rhamnose isomerase derived from 
Pseudomonas stutzerii LL172 strain of the present invention 
and L-rhamnose isomerase derived from known Bacillus subtilis . 

Fig. 4 is a figure illustrating the homology of 
L-rhamnose isomerase derived from Pseudomonas stutzerii LL172 
strain of the present invention with an unidentified putative 
isomerase derived from known Streptmyzes coelicolor or 
Thermotoga maritima . 

Fig. 5 is an illustration of Izumoring C6 at the lower 
portion of Fig. 1. 

Fig. 6 is an illustration of Izumoring C5 at the middle 
portion of Fig. 1. 

F ig . J T^ shows isomerization reactions of hexoses 

catalyzed by L-rhamnose isomerase shown by using Izumoring. 

The bold black lines indicate the isomerization reactions which 

were confirmed to be catalyzed. The bold dotted lines indicate 

the isomerization reactions in which a catalytic reaction was 

not identified. 

Fig. 8 shows isomerization reactions of pentoses 
— . 

catalyzed by L-rhamnose isomerase shown by using Izumoring. 
The bold black lines indicate the isomerization reactions which 
were identified to be catalyzed. All the isomerization 
reactions were confirmed. 
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Fig. 9 shows isomerization reactions of hetetroses 
catalyzed by L-rhamnose isomerase shown by using Izumoring. 
The bold black lines indicate the isomerization reactions which 
were confirmed to be catalyzed. All the isomerization 
reactions were confirmed. 

Fig. 10 is a diagram showing one example of the 
conventional ways of summarizing monosaccharides. 

Best Mode for Carrying Out the Invention 

"Pseudomonas stutzerii LL172" strain belonging to the 
genus Pseudomonas stutzerii is a known bacterium described in 
the above-mentioned documents, and stored in the Ken Izumori 
Laboratory, Department of Biochemistry and Food Science, 
Faculty of Agriculture, Kagawa University. On the occasion 
of international application at this time, this strain was 
deposited at the International Patent Organism Depository, 
National Institute of Advanced Industrial Science and 
Technology (Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan) 
on January 6, 2004 (IPOD FERM BP-08593) . Incidentally, this 
strain is sometimes represented by LL172a, however, LL172 and 
LLl72a are the same strain. 

L-rhamnose isomerase is an enzyme catalyzing an 
isomerization reaction from L-rhamnose to L-rhamnulose and 
isomerization from L-rhamnulose to L-rhamnose. L-rhamnose 
isomerase produced by Pseudomonas stutzerii LL172 also acts 
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on isomerization between D-allose and D-psicose, therefore, 
it is an enzyme that can produce D-allose from D-psicose. 
However, in order to produce D-allose from D-psicose, an enzyme 
derived from Pseudomonas stutzerii LL172 is needed. 

The gene sequence encoding L-rhamnose isomerase derived 
from Pseudomonas stutzerii LL172 does not have homology with 
the gene sequences encoding L-rhamnose isomerases which had 
been reported so far, and it is found to be a novel gene on 
a gene basis as well as a protein basis. 

L-rhamnose isomerase according to the present invention 
is L-rhamnose isomerase derived from Pseudomonas stutzerii 
LL172, and has the amino acid sequence represented by SEQ ID 
N0:1 or an amino acid sequence in which one or more amino acids 
in the amino acid sequence have been replaced with another amino 
acid, deleted, or one or more amino acids have been added. The 
gene (DNA) according to the present invention has the 
nucleotide sequence encoding the above-mentioned L-rhamnose 
isomerase . 

That is, as the protein to be a subject of the present 
invention, a protein comprising the amino acid sequence 
represented by SEQ ID N0:2 (L-rhamnose isomerase), and a 
protein comprising an amino acid sequence in which one or 
several amino acids have been deleted, replaced, or added in 
the amino acid sequence represented by SEQ ID NO: 2 and having 
an L-rhamnose isomerase activity can be exemplified. 
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In addition, as the above-mentioned L-rhamnose isomerase 
activity, an enzymatic activity catalyzing an isomerization 
reaction from L-rhamnose to L-rhamnulose and isomerization 
from L-rhamnulose to L-rhamnose can be preferably exemplified. 
In addition, an enzymatic activity catalyzing isomerization 
between D-allose and D-psicose can be exemplified. There is 
no report on the activity that can produce D-allose from 
D-psicose other than L-rhamnose isomerase derived from 
Pseudomonas stutzerii LL172. 

Further, it was revealed that L-rhamnose isomerase 
produced by Pseudomonas stutzerii LL172 is an enzyme having 
the following physicochemical properties. 

(i) Action 

It catalyzes an isomerization reaction from L-rhamnose 
to L-rhamnulose and isomerization from L-rhamnulose to 
L-rhamnose. It also acts on isomerization between D-allose 
and D-psicose, and it is an enzyme that can produce D-allose 
from D-psicose. These are major known actions. Further, all 
the isomerization reactions including novel catalytic 
reactions of L-rhamnose isomerase, which were found this time 
by the present inventors are shown in Izumorings of Fig. 7, 
Fig. 8 and Fig. 9. Refer to Tables 1, 2 and 3 for the substrate 
specificity. 

L-rhamnose and L-rhamnulose are used as a substrate. 
Other than these, L-lyxose and L-xylulose, L-mannose and 
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L-fructose, D-ribose and D-ribulose, D-allose and D-psicose 
are used as a substrate. These are major known substrate 
specificities. It can be understood that many types of 
monosaccharides are used as a substrate for L-rhamnose 
isomerase from Fig. 7, Fig. 8 and Fig. 9. 

That is, though the activities vary in degree, the 
isomerization reactions which were confirmed to be catalyzed 
by L-rhamnose isomerase are represented by the bold black lines 
in Fig. 7. On the other hand, it can be plainly understood 
that there are 4 types of reactions represented by the bold 
dotted lines, in which the isomerization reaction could not 
be confirmed. 

In addition, as shown in Fig. 9 and Fig. 10, though the 
activities also vary in degree, it is shown that it has all 
the isomerization activities for pentoses and tetroses. 

(ha) Active pH and optimal pH 

The active pH ranges from 7.0 to 10.0 and the optimal 
pH is 9.0. 

(ni) pH stability 

It is stable within the pH range of 6.0 to 11.0 in the 
case where it is kept at 4°C for 1 hour at various pH values. 

(ho) Active temperature and optimal temperature 

The active temperature ranges from 40 to 65°C and the 
optimal temperature is 60°C. 

(he) Temperature stability 
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It is stable at 40°C for 10 minutes and remains at 90% 
or more even at 50°C for 10 minutes. 

(to) Effect of a chelating agent 

Its activity is hardly inhibited even if it coexists with 
EDTA or EGTA, which is a chelating agent, during the measurement 
of its activity. 

(chi) Effect of a metal ion 

About 30% of the activity is inhibited by 1 mM cobalt 

ion . 

(ri) Molecular weight by the SDS-PAGE method 
It is about 43, 000 . 

As the DNA to be a subject of the present invention, a 
DNA encoding a protein comprising the amino acid sequence 
represented by SEQ ID NO: 2, a DNA encoding a protein comprising 
an amino acid sequence in which one or several amino acids have 
been deleted, replaced, or added in the amino acid sequence 
represented by SEQ ID NO: 2 and having an L-rhamnose isomerase 
activity, a DNA comprising the nucleotide sequence represented 
by SEQ ID NO:l or a complementary sequence thereof or a part 
or the whole of any of these sequences and a DNA hybridizing 
to such a DNA under stringent conditions and encoding a protein 
having an L-rhamnose isomerase activity can be preferably 
exemplified . 

Such a DNA can be prepared by a known method from a gene 
library based on the information of its DNA sequence or the 
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like. In addition, by using the nucleotide sequence 
represented by SEQ ID NO: 1 or a complementary sequence thereof 
or a part or the whole of any of these sequences as a probe, 
hybridization to a DNA library derived from a variety of cells 
is carried out under stringent conditions, and a DNA 
hybridizing to the probe is isolated, whereby a DNA encoding 
a protein having an L-rhamnose isomerase activity can also be 
obtained. As the hybridization conditions for obtaining such 
a DNA, for example, hybridization at 42°C and a washing 
treatment at 42°C with a buffer containing lx SSC and 0.1% SDS 
can be exemplified, and hybridization at 65°C and a washing 
treatment at 65°C with a buffer containing 0 . lx SSC and 0.1% 
SDS can be preferably exemplified. Incidentally, as a factor 
that affects the stringency of hybridization, there are various 
factors other than the above-mentioned temperature condition, 
and it is possible to realize a stringency equivalent to the 
stringency of hybridization illustrated above by 
appropriately combining various factors. 

The fusion protein of the present invention may be any 
as long as it is the one in which the above-mentioned protein 
of the present invention binds to a protein translation codon. 
As for the protein translation codon, there is no particular 
restriction as long as it is a conventionally known protein 
translation codon. Such a fusion protein can be prepared by 
a usual method, and is useful also as a reagent for research 



26 



in the art. 

In addition, the present invention relates to a host cell 
containing an expression system that can express the 
above-mentioned protein of the present invention. 
Introduction of a gene encoding such a protein of the present 
invention into a host cell can be carried out by a method 
described in many standard laboratory manuals such as Davis 
et al. (BASIC METHODS IN MOLECULAR BIOLOGY, 198 6) and Sambrook 
et al (MOLECULAR CLONING: A LABORATORY MANUAL, 2nd Ed., Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N. Y., 
1989) . As the host cell, bacterial prokaryotic cells such as 
E. coli, Streptomyces, Bacillus subtilis, Streptococcus and 
Staphylococcus, and other cells can be exemplified. 

In addition, the expression system may be any expression 
system as long as it can express the above-mentioned protein 
of the present invention in a host cell. Examples of the 
expression system may include expression systems derived from 
chromosome, episome and virus, for example, vectors derived 
from bacterial plasmid, yeast plasmid, papovavirus such as SV40, 
vaccinia virus, adenovirus, chicken pox virus, pseudorabies 
virus, or retrovirus, vectors derived from bacteriophage, 
transposon, and the combination of these, for example, vectors 
derived from genetic factors of plasmid and of bacteriophage 
such as cosmid or phagemid. These expression systems may 
contain a regulatory sequence that not only causes expression 
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but also regulates expression. 

The protein of the present invention obtained by 
culturing a host cell that contains the above-mentioned 
expression system can be used in the production of D-allose. 
In addition, for collecting the protein of the present 
invention from the cell culture and purifying the protein, a 
known method including ammonium sulfate or ethanol 
precipitation, acid extraction, anion or cation exchange 
chromatography, phosphocellulose chromatography, hydrophobic 
interaction chromatography, affinity chromatography, 
hydroxyapatite chromatography, and lectin chromatography, 
preferably high-speed liquid chromatography can be used. 

A rare sugar can be defined as a monosaccharide (an aldose, 
a ketose and a sugar alcohol) that rarely exists in nature, 
however, this definition is unclear because it is not based 
on the structure or properties of sugar. That is, it is because 
the definition of the amount in which, for example, a sugar 
whose existing amount is a predetermined amount or lower is 
referred to as a rare sugar has not been given. However, as 
an aldose that generally exists in a large amount in nature, 
there are 6 types, namely, D-glucose, D-galactose, D-mannose, 
D-ribose, D-xylose and D-arabinose, and the other aldoses are 
defined as a rare sugar. As a ketose, D-fructose exists, and 
the other ketoses can be referred to as a rare sugar. In 
addition, a sugar alcohol can be produced by reducing a 
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monosaccharide, however, D-sorbitol exists in a relatively 
large amount in nature, and the others exist in a small amount, 
therefore, these can be a rare sugar. 

It has been difficult to do obtain a rare sugar so far, 
however, a process for producing a rare sugar from a 
monosaccharide that exists in a large amount in nature is being 
developed, and it can be produced by utilizing the technique. 

Hereunder, a correlation diagram of Izumoring will be 
explained . 

A correlation diagram in which all the monosaccharides 
having 4 to 6 carbon atoms are linked together based on their 
production processes and molecular structures (D-form and 
L-form) shown in Fig. 1 is the overall diagram of Izumoring. 
That is, what one can understand from Fig. 1 is that 
monosaccharides having 4, 5 and 6 carbon atoms are all linked 
together. In the overall diagram, the members in Izumoring 
C6 are linked together, the members in Izumoring C5 are linked 
together, the members in Izumoring C4 are linked together, and 
Izumorings C4, C5 and C6 are all linked together. This concept 
is important. In order to reduce the number of carbon atoms, 
a fermentation method is mainly used. It is characterized by 
being a big correlation diagram in which all the 
monosaccharides having different number of carbon atoms are 
linked together. In addition, it can also be understood that 
a monosaccharide does not have a utility value. 
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In Izumoring of the monosaccharides having 6 carbon atoms 
(hexoses), as shown in the lower portion of Fig. 1 and Fig. 
5, there are, in total, 34 types of monosaccharides having 6 
carbon atoms (hexoses) including 16 aldoses, 8 ketoses and 10 
sugar alcohols. It is known by the studies including the 
studies by the present inventors that these sugars can be 
converted by an oxidoreductase reaction, an aldose 
isomerization reaction or an aldose reductase reaction. 
However, the upper group, the middle group and the lower group 
were not linked together by an enzymatic reaction in the 
conventional studies. In other words, though Q-glucose 
(glucose) or D-fructose belonging to the upper group is a sugar 
that exists in a large amount in nature and is inexpensive, 
a rare sugar could not be synthesized from such a sugar. 
However, in the process of the study by the present inventors, 
an enzyme that links these was found. D-sorbose was completely 
unexpectedly found in a culture solution of a bacterium having 
an enzyme that synthesizes D-tagatose from galactitol, which 
was the beginning of the finding of the enzyme. From the 
results of investigating the cause, it was found that this 
bacterium produces an enzyme called D-tagatose-3-epimerase 
(DTE) . As shown in the lower portion of Fig. 1 and Fig. 6, 
it is understood that this DTE is an enzyme that connects 
between D-tagatose and D-sorbose which was disconnected so far. 

Further surprisingly, it was found that this DTE is an 
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enzyme that epimerizes all ketoses at the C-3 position, and 
is a unique enzyme having an extremely broad substrate 
specificity so as to act on D-f ructose and D-psicose, L-sorbose 
and L-tagatose, D-tagatose and D-sorbose, L-psicose and 
L-f ructose, which could not be synthetically connected so far. 
Because of the finding of this DTE, all the monosaccharides 
are linked together in a ring, and the knowledge structuring 
of monosaccharides is completed, which was named Izumoring. 

When taking a close look at Fig. 5, it is found that there 
are L-forms at the left side, D-forms at the right side and 
DL-forms in the middle, and further L-forms and D-forms are 
symmetric with respect to the central point (asterisk) of the 
ring. For example, D-glucose and L-glucose are symmetric with 
respect to the central point. Further, the worth of Izumoring 
is that it becomes a plan diagram for production of all 
monosaccharides. In the previous example, if L-glucose is 
intended to be produced from D-glucose as a starting material, 
it is indicated that D-glucose is isomerized, epimerized, 
reduced, oxidized, epimerized and isomerized, whereby 
L-glucose can be produced. 

By using Izumoring of monosaccharides having 6 carbon 
atoms (hexoses) , the correlation between sugars that exist in 
a large amount in nature and rare sugars that exist only in 
a small amount is shown. D-glucose, D-f ructose, D-mannose and 
D-galactose that can be produced from lactose in milk exist 
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in a large amount in nature, and the others are classified into 
a rare sugar that exists only in a small amount. Because of 
the finding of DTE, D-fructose and D-psicose are produced from 
D-glucose, and further it becomes possible to produce D-allose, 
allitol and D-talitol. 

When the meanings of Izumoring of monosaccharides having 
6 carbon atoms (hexoses) are summarized, they include as 
follows. Based on the production process and molecular 
structure (D-form and L-form) , all the monosaccharides are put 
in order structurally (knowledge structuring), whereby the 
overall picture of monosaccharides can be understood; an 
effective and efficient approach for study can be selected; 
the optimum production pathway can be designed; and a missing 
portion can be predicted. 

Izumoring of monosaccharides having 5 carbon atoms 
(pentoses) is a ring smaller than Izumoring of carbon number 
6 as shown in the middle portion of Fig. 1 and Fig. 6. However, 
it includes all, namely, 8 aldoses, 4 ketoses and 4 sugar 
alcohols, in the same manner as Izumoring of C6, and all are 
linked together by an enzymatic reaction. The different point 
is that they can be all linked together in a ring by only an 
oxidation-reduction reaction and an isomerization reaction. 
On the other hand, it can be understood that by using DTE, a 
more efficient production pathway can be designed. 

With regard to the characteristic of Izumoring of carbon 
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number 5, as particularly clear from Fig. 6, a major 
characteristic is that all the monosaccharides are placed 
bilaterally symmetrically while in Izumoring of carbon number 
6, all the monosaccharides are placed point symmetrically. 
Since these pentoses are linked together by an enzymatic 
reaction, in exactly the same manner as the case of Izumoring 
of carbon number 6, it has the meanings that all the pentoses 
are put in order structurally (knowledge structuring) , whereby 
the overall picture can be understood, an effective and 
efficient approach for study can be selected, the optimum 
production pathway can be designed, and a missing portion can 
be predicted. 

Izumoring of monosaccharides having 4 carbon atoms 
(tetroses) has a characteristic that a ring is not completed 
due to the structural property of tetrose as shown in the upper 
portion of Fig. 1. It has a structure of the upper half of 
Izumoring of carbon number 5. In the case of this ring, they 
are linked together by an oxidation-reduction reaction and an 
isomerization reaction in the same manner as the cases of carbon 
number 5 and 6. Since DTE does not react with a ketose having 
4 carbon atoms, a reaction between ketoses does not exist at 
present. However, the existence of a novel epimerase is 
predicted, and this study is being performed at the moment. 

The overall layout is bilaterally symmetric in the same 
manner as that of the carbon number 5, including all, namely, 
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4 aldoses, 2 ketoses and 3 sugar alcohols. That is, it has 
the same meanings as those of Izumorings of carbon number 5 
and 6 . 

D-glucose in Izumoring C6 is linked to D-arabitol in 
Izumoring C5 and erythritol in Izumoring C4 . These lines 
indicate that D-arabitol and erythritol can be produced from 
D-glucose by a fermentation method. That is, Izumoring C6, 
Izumoring C5 and Izumoring C4 are linked together. This 
linkage is a reaction of decreasing the carbon number by a 
mainly fermentation method, and it is possible to link 
Izumoring C6 to Izumoring C5 or C4 by a fermentation method 
other than these two conversion reactions into D-arabitol and 
erythritol. For example, it is possible to produce D-ribose 
from D-glucose. 

As described above, by the three Izumorings, all the 
monosaccharides having 4, 5 and 6 carbon atoms (aldoses, 
ketoses and sugar alcohols) are linked together, therefore the 
location of each monosaccharide in the overall monosaccharides 
can be clearly identified. 

It can be clearly identified that the most famous xylitol 
can be easily produced by reducing D-xylose that can be produced 
from wood material of an unused resource, 

In the case where a large amount of a specific 
monosaccharide is obtained by a biological reaction, it is 
possible to easily find the possibility of conversion into a 



34 



new monosaccharide using it as a raw material . That is, since 
the location of all the monosaccharides as a raw material can 
be surely identified from this overall picture, a useful 
application method can be designed. In particular, an 
application method can be easily deduced when a monosaccharide 
is obtained from a waste material or a by-product. 

In the present invention, an isomerase that acts on many 
types of rare aldoses and is most efficient for producing many 
types of rare ketoses as described above in the rare sugar 
strategy of Izumoring (Fig. 1) can be obtained, whereby it 
becomes possible to establish a reaction for producing many 
types of rare sugars. That is, it becomes possible to apply 
a further revealed novel catalytic function to the production 
of a rare sugar using the overall diagram of Izumoring, and 
further to contribute to the search for a physiological 
activity of a rare sugar. 

As is clear from Izumorings in Fig 7, Fig. 8 and Fig. 
9, it is indicated how effective putting isomerization 
reactions in order using Izumoring is as a means for 
understanding the overall view. Further, it can be understood 
that L-rhamnose isomerase acts on many types of monosaccharides 
as a substrate . 

In other words, though the activities vary in degree, 
the isomerization reactions which were confirmed to be 
catalyzed by L-rhamnose isomerase are represented by the bold 
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lines in Fig . 7 . On the other hand, it can be plainly understood 
that there are 4 types of reactions represented by the bold 
dotted lines, in which the isomerization reaction could not 
be confirmed. 

In addition, as shown in Fig. 8 and Fig. 9, though the 
activities also vary in degree, it is shown that it has all 
the isomerization activities for pentoses and tetroses. 

As described above, by utilizing Izumoring, a reaction 
catalyzed by L-rhamnose isomerase can be clearly indicated, 
and at the same time, the one in which a reaction cannot be 
confirmed can be clearly recognized. 

Though it is necessary to investigate a detail reaction 
mechanism for a variety of isomerization activities that were 
newly confirmed, for example, the mechanism that the results 
of the reaction from an aldose and of the reaction from a ketose 
are somewhat different, etc., as shown in Fig. 7, Fig. 8 and 
Fig. 9, it was found that there is a possibility that the 
isomerization activities can be applied to the production of 
so many types of rare sugars. 

The detail of the invention of this application will be 
described with reference to Examples. The invention of this 
application is by no means limited to these Examples. 
Example 1 

As one method of producing a large amount of L-rhamnose, 
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an increase of production by a genetic engineering technique 
is considered. Therefore, a gene encoding the present enzyme 
is cloned by a conventional method, and the gene sequence and 
the amino acid sequence were determined. The results are as 
follows . 
[Sequencing] 

L-rhamnose isomerase gene derived from Pseudomonas 
stutzerii LL172 is a novel L-rhamnose isomerase gene that 
comprises an open reading frame of 1,290 bp and encodes 430 
amino acid residues as shown in Sequence Listing 1 and Fig. 
2. The molecular weight calculated from the amino acid 
sequence in Sequence Listing 2 is 46,946, which was little bit 
higher than the authentic enzyme molecular weight of about 
43, 000. 

When the present gene was recombinantly expressed in E. 
coli, the present enzyme was actively expressed and the 
molecular weight thereof corresponds to about 43,000. 

The results of expression of enzyme in the case of the 
experiment of insertion into E. coli are as follows. 

Accordingly, the gene sequence shown in Sequence Listing 
1 and Fig. 2 were confirmed to be the L-rhamnose isomerase gene. 
[Characteristic of the present gene sequence] 

The structure of the L-rhamnose isomerase gene has been 
already analyzed with the gene derived from E . coli and Bacillus 
subtilis. However, the amino acid sequence homology with 
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L-rhamnose isomerase derived from Pseudomonas stutzerii LL172 
strain is low (20% or lower) as shown in Fig. 3, and also the 
catalytic sites do not correspond, therefore, it was determined 
that they are not identical enzymes. 

That is, it was an enzyme having an entirely new gene 
sequence different from L-rhamnose isomerase published so far. 

When the homology of the amino acid sequence was analyzed 
using database, as shown in Fig. 4, it shows a high homology 
of about 40% with an unidentified putative isomerase. However, 
the results were obtained by sequencing the genes derived from 
these strains by a genome project, and the identification has 
not been made as an enzyme. 

From the above results, it could be determined that the 
L-rhamnose isomerase gene derived from the present strain is 
a gene encoding a novel enzyme. 
[Use] 

Since the gene sequence was specified, a variety of 
experiments by a molecular biological technique utilizing this 
gene sequence can be performed. 

For example, it is possible to perform mass production 
by transforming E. coli with this gene. Alternatively, for 
example, by further ligating any new gene to this gene, it is 
possible to produce an enzyme having a new property. 

Example 2 
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<DNA encoding L-rhamnose isomerase> 

1. Purification of L-rhamnose isomerase and partial amino acid 
sequencing 

Pseudomonas stutzerii LL172 is cultured at 30°C for 2 
days in a tryptic soy broth medium, which is subjected to 
polyethylene glycol fractionation and anion exchange 
chromatography for purification. Then, electrophoresis is 
carried out and the molecular weight and purity are confirmed. 
The molecular weight is obtained as a single band at around 
42,000. The enzyme was partially degraded with cyanogen 
bromide, and the N- terminus and 4 partial amino acids were 
sequenced. 

2. Probe synthesis and chromosome mapping 

After the cultivation with the above-mentioned medium, 
chromosomal DNA is extracted using CTAB according to the 
standard method. A primer mix is synthesized based on the 
partial amino acid sequences, and a specifically amplified PCR 
product is obtained by performing PCR twice changing the 
combination of primers, which is used as a probe. By using 
the probe, Southern hybridization was carried out, and the 
location of L-rhamnose isomerase gene on the chromosome was 
determined. 

3. Genomic library screening 
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Since it was found that the gene was contained in an about 
4 . 6-kb fragment digested with restriction enzymes Apal and SacI 
by chromosome mapping, the fragment was ligated into a cloning 
vector pBluescript II SK(+) to construct a genomic library, 
and screening was carried out using the probe. 

4. L-rhamnose isomerase gene analysis 

L-rhamnose isomerase gene is a novel L-rhamnose 
isomerase gene that comprises an open reading frame of 1,290 
bp and encodes 430 amino acid residues (Sequence Listing 2) 
as shown in Sequence Listing 1 and Fig . 2 . The molecular weight 
calculated from the amino acid sequence is 46,946, which is 
little bit higher than the molecular weight (about 42,000) of 
the enzyme of the original strain subjected to modification 
at the C-terminal side. The structure of the L-rhamnose 
isomerase gene has been already analyzed with the gene derived 
from E. coli and Bacillus subtilis. However, the amino acid 
sequence homology with L-rhamnose isomerase derived from the 
present strain is low (20% or lower) as shown in Fig. 3, and 
also the catalytic sites do not correspond, therefore, it was 
determined that they are not identical enzymes. The five 
positions out of 9 positions of consensus amino acid residues 
of the isomerase conserved in L-rhamnose isomerase derived from 
E. coli and xylose isomerase derived from mycobacteria are 
conserved, however, a Mn- binding site or a substrate-binding 
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site are not conserved. When the homology of the amino acid 
sequence was analyzed using database, as shown in Fig. 4, it 
shows a high homology of about 40% with an unidentified putative 
isomerase. However, the results were obtained by sequencing 
the genes derived from these strains by a genome project, and 
the identification has not been made as an enzyme. 

From the above results, it was determined that the 
L-rhamnose isomerase gene derived from the present strain is 
a gene encoding a novel enzyme. 

5. Active expression of recombinant L-rhamnose isomerase 

A primer was designed in such a manner that the 
translation initiation codon of L-rhamnose isomerase 
corresponds to the translation initiation codon of a high 
expression vector pQE60, and the L-rhamnose isomerase gene 
amplified by PCR was integrated into pQE60, and then, E. coli 
JM109 was transformed with the vector, whereby a recombinant 
E. coli was constructed. When the recombinant E. coli was 
cultured overnight at 37°C in a standard medium, it actively 
expressed L-rhamnose isomerase. The N-terminal amino acid 
sequence, the molecular weight and the respective 
enzymological properties correspond to those of the enzyme 
derived from the original strain, and the production amount 
of enzyme was increased by 10-fold or more, whereby high 
expression became possible. 
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Example 3 

Production of D-lyxose, which is a rare sugar, from 
D-glucose was carried out. By using yeast Candida famata R28, 
D-arabitol was produced from D-glucose with a yield of 50%. 
This reaction was carried out by a fermentation method. The 
produced D-arabitol was converted into D-xylulose by an acetic 
acid bacterium Acetobacter aceti IFO 3281 with a yield of almost 
100%. This could be isomerized to D-lyxose by using L-ribose 
isomerase. The product was purified and crystallized by ion 
exchange chromatography and the like, and it was confirmed to 
be D-lyxose by an instrumental analysis. 

That is, it is possible to produce a rare sugar, D-lyxose, 
by conversion into D-lyxol which has one carbon atom less by 
a fermentation method using D-glucose as a raw material, and 
by subjecting it to an oxidation reaction and an isomerization 
reaction (Journal of Bioscience and Bioengineering, Vol. 88, 
676, 1999) . 

Example 4 

Production of a rare sugar, L-erythrose, was carried out 
from erythritol, in which erythritol was produced from 
D-glucose as a raw material by a fermentation method. By using 
Gluconobacter frateurii IFO 3254, erythritol was oxidized into 
L-erythrulose . The product was obtained with a yield of almost 
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100% by this reaction. L-erythrulose was separated from the 
reaction solution, and a rare sugar, L-erythrose, could be 
produced from L-erythrulose as a raw material by allowing 
L-ribose isomerase to act on. From 10 g of erythritol, 1.7 
g of L-erythrose could be produced (Journal of Bioscience and 
Bioengineering, Vol. 92, 237, 2001). 

That is, it is possible to produce a rare sugar, 
L-erythrose, by producing erythritol which has two carbon atoms 
less using D-glucose as a starting material by a fermentation 
method, and by subjecting erythritol as a raw material to an 
oxidation reaction and an isomerization reaction. 

Example 5 

It was designed that 6 His residues were ligated to the 
C-terminus of the gene encoding L-rhamnose isomerase derived 
from Pseudomonas stutzerii LL172 of Example 2, and E. coli was 
transformed with the gene. This His-ligated L-rhamnose 
isomerase was expressed in a large amount, and a pure enzyme 
was produced in a large amount by affinity chromatography using 
a nickel NTA column, and then the obtained enzymes were used 
by immobilizing, respectively, whereby it became possible to 
allow the enzyme to exert a new function. Experiments were 
carried out using aldoses (Table 1) and ketoses (Table 2) as 
a substrate, and the experimental results of analyzing the 
sugar composition in the reaction solution after each reaction 
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time by HPLC are shown in order. That is, Table 1 shows the 
product compositions after reaction when performing the 
reaction of L-rhamnose isomerase using a variety of aldoses 
as a substrate, and Table 2 shows the product compositions after 
reaction when performing the reaction of L-rhamnose isomerase 
using a variety of ketoses as a substrate. 



Table 1 

Conversion ratio of a variety of aldoses by L-rhamnose 



isomerase derived from P. stutzeri 



Substrate 




Product* 


Conversion 


Time c 


(20 mg/ml) 




Ketose 


Aldose 


ratio 


(%) 


(h) 


L-rhamnose 


L- 


rhamnulose 


nd 


55 : 


45 




1 


D-glucose 


D- 


fructose 


D-mannose 


51 : 


44 


: 5 


12 


L-glucose 


L- 


fructose 


L-mannose 


71 : 


21 


: 5 


96 


L-mannose 


L- 


fructose 


L-glucose 


26 : 


62 


: 12 


96 


D-mannose 


D- 


fructose 


D-glucose 


90 


4 : 


6 


96 


D-galactose 


D- 


tagatose 


nd 


92 


8 




144 


L-galactose 


L- 


tagatose 


L-talose 


50 


48 


: 2 


24 


D-gulose 


D- 


sorbose 


nd 


10 


90 




8 


D-altrose 


D- 


psicose 


D-allose 


8 : 


70 : 


22 


24 


D-xylose 


D- 


xylulose 


D-lyxose 


58 


40 


: 2 


48 


L-xylose 


L- 


xylulose 


L-lyxose 


61 


35 


: 4 


48 


D-lyxose 


D- 


xylulose 


D-xylose 


40 


4 : 


56 


48 


L-lyxose 


L- 


xylulose 


L-xylose 


50 


3 : 


37 


48 


D-arabinose 


D- 


ribulose 


D-ribose 


74 


10 


: 16 


72 


L-arabinose 


L- 


ribulose 


nd 


94 


4 




72 


D-ribose 


D- 


ribulose 


D-arabinose 


16 


14 


: 70 


96 


L-ribose 


L- 


ribulose 


L-arabinose 


45 


47 


: 8 


96 


D-erythrose 


D- 


•erythrulose 


D-threose 


12 


■ 78 


: 10 


8 


L-erythrose 


L- 


•erythrulose 


L-threose 


69 


: 25 


: 6 


8 


D-threose 


D- 


•erythrulose 


D-erythrose 


26 


: 61 


: 13 


8 


L-threose 


L- 


•erythrulose 


L-erythrose 


33 


: 63 


: 4 


8 



a: in all the cases, a ketose was produced first. 
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b: Ratio = (substrate : ketose : aldose) 

c: The time when the highest conversion ratio was obtained is 
shown. 

nd: not detected 



Table 2 

Conversion ratio of a variety of ketoses by L-rhamnose 
isomerase derived from P. stutzeri 



Substrate 


Product 


Conversion 


Time 0 


(2 0 mg/ml) 


Aldose I a 


Aldose II 


ratio b 


(%) 


(h) 


D-f ructose 


D-mannose 


D-glucose 


46 


: 4 : 


50 


12 


L-f ructose 


L-mannose 


L-glucose 


75 


: 14 


: 11 


96 


L-tagatose 


L-galactose 


L-talose 


48 


: 45 


: 7 


72 


D-tagatose 


D-galactose 


nd 


89 


: 11 




96 


L-sorbose 


L-gulose 


nd 


94 


: 6 




96 


D-sorbose 


D-gulose 


nd 


90 


: 10 




96 


D-psicose 


D-allose 


D-altrose 


70 


: 22 


: 8 


96 


L-psicose 


nd 


L-altrose 


94 




6 


96 



a: in all the cases, initially observed aldose 
b: Ratio = (substrate : aldose : aldose) 

c: The time when the highest conversion ratio was obtained is 
shown . 

nd: not detected 
Example 6 

(Km and Vmax of enzyme for each substrate) 

An enzyme was obtained with the same conditions as those 
of Example 5. The measurement of Km and Vmax was carried out 
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using the enzyme without immobilizing. The results are shown 
in Table 3 in order. That is, Table 3 shows the results of 
measuring Km and Vmax of the purified L-rhamnose isomerase for 
a variety of substrates. 



Table 3 

Km and Vmax of L-rhamnose isomerase derived from P. stutzeri 

for a variety of aldoses 

„ , Km Vmax 

Substrate 



(mM) (U/mg) 



L-rhamnose 


11.9 


238 


L-mannose 


55.5 


138 .9 


D-ribose 


38.5 


21.4 


L-lyxose 


61.7 


123.4 


D-xylose 


250 


1.1 


D-glucose 


564 


0.01 


D-allose 


42 


6.76 


D-altrose 


71 


0.01 


D-arabinose 


127.4 


0.067 


L-arabinose 


2.35 


0.061 


L-xylose 


203 


0.0065 



Example 7 

(Detail description of microorganism used in Examples 5 and 
6) 

E. coli JM109 into which L-rhamnose isomerase gene with 
His-tag at the C-terminus had been introduced was used. 
(Culture medium composition and culture conditions) 

E. coli JM109 was inoculated into a culture medium 
containing 3.5% polypepton, 2.0% yeast extract and 0.5% NaCl 



(pH 7.0), and cultured at 28°C for 12 hours, and then IPTG 
(Isopropyl-p-D-thiogalactopyranoside) was added at a final 
concentration of 1 mM. Then, cultivation was continued for 
4 hours, and the cells were harvested by centrif ugation . 
(Extraction of enzyme, purification of enzyme, and 
purification and immobilization of enzyme) 

The cells were washed twice with 0.05 M sodium phosphate 
buffer (pH 7.0) . The washed cells were ground with alumina 
powder and subjected to centrif ugation to remove insoluble 
substances together with alumina powder, whereby a crude enzyme 
solution was obtained. The obtained crude enzyme solution was 
subjected to affinity chromatography using an Ni-NTA column 
to purify the enzyme, whereby a pure enzyme was obtained. After 
the enzyme was dialyzed against ultrapure water, 
lyophilization was carried out, whereby pure powder enzyme was 
obtained. By allowing 20 mg of the enzyme to be adsorbed on 
1 g of Chitopearl resin, immobilized enzyme was prepared. 
(Enzymatic reaction conditions using various substrates) 

A reaction was carried out at 42°C with a composition 
of enzymatic reaction solution containing 3 g of the 
above-mentioned immobilized enzyme, 3.0 mL of 0.05 M 

glycine-NaOH buffer (pH 9.0), 3.0 \xL of 1 M MnCl 2 and 60 mg 
of any of various substrates (final concentration of 20 mg/mL) . 

Industrial Applicability 
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1. It becomes possible to produce L-rhamnose isomerase 
in a large amount by a genetic engineering technique, and a 
mass production method of a variety of rare sugars containing 
D-allose using the present enzyme can be established. 

L-rhamnose isomerase was isolated from a variety of 
microorganisms and the gene sequence encoding it has been also 
reported. In the present invention, when the gene sequence 
encoding L-rhamnose isomerase from a bacterium {Pseudomonas 
stutzeri) isolated from the soil was determined, it was found 
that the gene sequence does not have homology with the gene 
sequences which had been reported so far, and it is a novel 
gene on a gene basis as well as a protein basis. 

By utilizing this sequence, this gene sequence can be 
applied to the production of a rare sugar by using genetic 
engineering, or to the use using a variety of genetic 
engineering techniques. 

2. With regard to a conventional effective utilization 
of unused resources, particularly plant biomass (e.g., wood, 
a variety of unused plant resources and the like) , a major goal 
was to hydrolyze it into glucose and to convert the glucose 
into an alcohol. However, even if it was converted into an 
alcohol, since its added value is low, it was unreasonable to 
put it into practical use. Though the present invention is 
the same as conventional methods up to the point of conversion 
into a monosaccharide such as glucose, a characteristic of the 
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present invention is conversion into a rare sugar by a variety 
of biological reactions instead of alcohol fermentation by 
yeast after the conversion into a monosaccharide . In this way, 
a process that can produce a rare sugar having a high added 
value from an alcohol having a low added value can be provided. 

3. By using a polysaccharide (which exists unlimitedly 
in unused plant resources) as a raw material, and a method of 
incompletely degrading it or another method, an 
oligosaccharide can be produced. Its application is also 
being developed as a value-added product having a functionality. 
However, when it is degraded to a minimum unit, namely a 
monosaccharide, it was considered that there was no new 
development. The breakthrough is that a production strategy 
aiming at conversion from one monosaccharide (rare sugar) to 
a new monosaccharide (rare sugar) continuously could be 
established, which is considered to have significant meanings . 
When a polysaccharide is degraded, it becomes a monosaccharide , 
and using it as a raw material, a monosaccharide (rare sugar) 
is produced continuously, which is an innovative idea. A 
polysaccharide is an upstream raw material, therefore, it is 
degraded to produce a monosaccharide, and it is used as a raw 
material. The basic strategy is that whether the raw material 
is wood (cellulose) or starch, or whatever, or no matter how 
different polysaccharide is, when it is degraded to a 
monosaccharide, it becomes the same substance. 
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4. What one can understand from Fig. 1 is that 
monosaccharides having 4, 5 and 6 carbon atoms are all linked 
together. The members in Izumoring C6 are linked together and 
the members in Izumorings C4, C5 and C6 are all linked together. 
This concept is important. In order to reduce the number of 
carbon atoms, a fermentation method is mainly used. It is also 
characterized by being a big correlation diagram in which all 
the monosaccharides having different number of carbon atoms 
are linked together. Even if any waste material or 
carbohydrate byproduct is obtained, its utilization method can 
be deduced from this diagram. In addition, it can also be 
understood that a material does not have a utility value. 

5. In a study plan for monosaccharides , there was no idea 
of viewing all the monosaccharides having different number of 
carbon atoms comprehensively (see Fig. 10) . Individual 
reactions were carried out according to the individual 
objectives. By comprehensively correlating the studies, 
which had been advanced for the individual objectives, a 
direction of connecting mutual techniques can be found. For 
example, as long as a material treated as a nuisance such as 
a waste material or a byproduct is a monosaccharide, it becomes 
possible to determine the value for any of such a material, 
and to tell what it is used for as a raw material immediately. 
In this way, a new technical concept of viewing the overall 
monosaccharides as a diagram or a system can be presented. 
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6. This technical concept of the present invention leads 
to a method of reevaluating a monosaccharide or evaluating the 
value of a monosaccharide. By taking account of the overall 
monosaccharides, a general idea that a monosaccharide is "a 
simplest organic compound in nature" is changed and leads to 
a system enabling to sense that it is an organic compound that 
is complex and moreover, gives greater chances. 

7. There is an importance to enable to recognize the fact 
that ''there is no monosaccharide other than these" or "these 
are all monosaccharides". In other words, it indicates that 
a study plan, in which by studying all so much, the overall 
monosaccharides can be understood, can be made clear. Knowing 
the limitation leads to knowing the possibility. 

8. The present invention exhibits an effectiveness not 
only in a production field of a rare sugar, but also in a study 
of searching for a physiological activity possessed by a rare 
sugar. For example, when a physiological activity is found 
in a certain rare sugar, its location in the correlation diagram 
shown in Fig. 1 is identified. Then, comparison with the 
physiological activity for a rare sugar having a close 
structure, or examination of the physiological activity of the 
rare sugar in a mirror image configuration will assist us to 
deduce the mechanism of the physiological activity from the 
structure of the molecule. In addition, it is expected that 
it can be applied dominantly to the study of the physiological 
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activity which was performed randomly through a trial and error 
process so as to proceed according to the plan based on the 
understanding of the overall picture of Izumoring. 

9. The present invention exhibits a usefulness as a 
production strategy for a rare sugar and also exhibits a 
usefulness in a study of its use, particularly of a 
physiological activity. This enables the systematization of 
the linkage of the individual monosaccharides in the production 
by an enzymatic reaction from the conventional enumerative 
classification and individual recognition method of 
monosaccharides based only on their structures. Further, it 
is expected that all the monosaccharides can be applied a great 
deal to the comprehensive understanding of "structure of 
monosaccharide", "production process for monosaccharide" and 
"physiological function of monosaccharide" from the 
conventional simple enumerative understanding by analyzing 
the physiological functions of rare sugars and integrating the 
properties on Izumoring. 

10. All the isomerization reactions including a novel 
catalytic reaction of L-rhamnose isomerase revealed in the 
present invention are shown in Izumorings of Fig. 7, Fig. 8 
and Fig. 9. As is clear from the figures, it is indicated how 
effective putting the isomerization reactions in order by using 
Izumoring is as a means for understanding the overall view. 
Further, it can be understood that many types of the 
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monosaccharides are used as a substrate for L-rhamnose 
isomerase . 

That is, though the activities vary in degree, the 
isomerization reactions which were confirmed to be catalyzed 
by L-rhamnose isomerase are represented by the bold lines in 
Fig. 7. On the other hand, it can be plainly understood that 
there are 4 types of reactions represented by the bold dotted 
lines, in which the isomerization reaction could not be 
confirmed. 

In addition, as shown in Fig. 8 and Fig. 9, though the 
activities also vary in degree, it is shown that it has all 
the isomerization activities for pentoses and tetroses. 

11. As described above, by utilizing Izumoring, a 
reaction catalyzed by L-rhamnose isomerase can be clearly 
indicated, and at the same time, the one in which a reaction 
cannot be identified can be clearly recognized. 

12. Though it is necessary to investigate a detail 
reaction mechanism for a variety of isomerization activities 
that were newly confirmed, for example, the mechanism that the 
results of the reaction from an aldose and of the reaction from 
a ketose are somewhat different, etc., as shown in fig. 7, Fig. 
8 and Fig. 9, it was found that there is a possibility that 
the isomerization activities can be applied to the production 
of so many rare sugars. 
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